A Study of the Relationship between Heat and Humidity and Cardiac Mortality by Browning, Patrick E.
Medical University of South Carolina 
MEDICA 
MUSC Theses and Dissertations 
1982 
A Study of the Relationship between Heat and Humidity and 
Cardiac Mortality 
Patrick E. Browning 
Medical University of South Carolina 
Follow this and additional works at: https://medica-musc.researchcommons.org/theses 
Recommended Citation 
Browning, Patrick E., "A Study of the Relationship between Heat and Humidity and Cardiac Mortality" 
(1982). MUSC Theses and Dissertations. 173. 
https://medica-musc.researchcommons.org/theses/173 
This Thesis is brought to you for free and open access by MEDICA. It has been accepted for inclusion in MUSC 
Theses and Dissertations by an authorized administrator of MEDICA. For more information, please contact 
medica@musc.edu. 
A STUDY OF THE RELATIONSHIP BETWEEN 
HEAT AND HUMIDITY AND CARDIAC MORTALITY 
by 
Patrick E. Browning 
A Research Proiect submitted to the faculty 
- I 
of the Medical University of South Carolina 
in partial fulfillment of the requirements for 
the degree of Master in Health Sciences 
in the College of Allied Health Sciences. 




Approximately fourteen hundred cardiac related 
calls were run by Greenville County Emergency Medical Ser-
vice ambulance personnel in 1980. Four hundred seventy of 
thes~ patients died. A study was undertaken to determine 
the relationship that heat and humidity had on these 
cardiac mortalities. 
Various statistical procedures utilized in the 
study indicate that of the sample studied, fewer deaths 
occurred in the hottest temperatures on the average day 
while the coldest temperatures produced the highest average 
daily death rate. Humidity studies showed that the higher 
the humidity, the lower the average daily death rate. 
High heat and high humidity shown in the combined 
form of the National Weather Service's Discomfort Index 
indicated that as heat and humidity rise on the Discomfort 
Index Scale, the death rate also rises. 
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Significance of the Problem 
According to statistics issued by the American 
Heart Association and quoted in the 1981 World Almanac,l 
one million Americans will suffer heart attacks this year 
and 650,000 of these will die. 
Medical science continues to make a concerted 
effort to eliminate heart disease but with only limited 
success. Therefore, the emphasis has broadened to include 
educating the public on preventive measures. Risk factors 
relating to heart disease are identified for the public so 
that appropriate measures may be taken to avoid developing 
heart disease. 
Authorities hope that this effort to identify risk 
factors will result ln a reduction in the number of heart 
attacks and subsequent deaths. Unfortunately, risk factors 
are numerous and cover a wide range of possibilities: cho-
lesterol levels, blood pressure, tobacco smoking, abnormal 
glucose tolerance, gout, menopause and oral contraceptives, 
obesity, physical activity, type of personality behavior 
IHana Umdauf Lane, ed., The World Almanac and Book 
of Facts-19B1 (New York: Newspaper Enterprise Association, 
Inc., 1980),' p. 14 7 . 
family history, alcohol consumption and psychosocial 
7 
factors.-
Two factors that have been accepted by the public 
as risk factors over the years are related to climate: 
heat and humidity. , 
Greenville County, South Carolina is favored with 
a mild climate throughout the winter but becomes quite hot 
2 
and humid in the summer. Because of this, earlier research 
was not related to any climate approximating Greenville 
County, South Carolina. For this reason, research was 
begun to determine whether heat and humidity are associated 
with cardiac mortality_ 
Statement of the Problem 
This research proposes to study the relationship 
between heat and humidity as represented by a Discomfort 
Index and cardiac mortality in Greenville County, South 
Carolina. 
Null Hypothesis 
There is no direct relationship between cardiac 
mortality and an increase in heat and humidity_ 
Limitations 
This study will concern itself with only those 
2Eugene Braunwald, M.D., ed., Heart Disease - A 
Textbook of Cardiovascular ~edicine -Volume 2 (Philadel-
phia: ~. B. Saunders Company, 1980), pp. 12l6~1278. 
cardiac mortality calls that were answered by Greenville 
County Emergency Medical Services (GCEMS) between January 
1, 1980 and December 31, 1980. 
This study will only consider those cardiac 
mortality calls in the Greenville County area. 
Furthermore, patients studied will be considered 
only as one occurrence per call per day. Revived patients 
who go into cardiac arrest twice or multiple times on one 
call will be considered only once per call. Patients who 
have occurrences of mUltiple cardiac arrests on multiple 
occasions will be considered on each occasion when the 
arrests fallon different days. 
Delimitations 
This study will not consider cardiac mortality 
that is quite obviously caused by phenomena other than 
weather-related heat and humidity (i.e., traumatic cardiac 
arrest from accidents, murders, suicides, terminally ill 
patients, choking, respiratory ailments, etc.) 
A separate distinction for cardiac arrest patients 
that are revived will not be made. Patients once identi-
fied as in the mortality category will be studied as such. 
Patients whose primary care was rendered first by 
an ambulance crew other than by Greenville County Emergency 
Medical Services personnel will not be considered in this 
study. This will eliminate statistics related to backup 
calls to assist other counties' units. 
4 
Assumptions 
All cases studied are assumed to be in cardiac 
arrest or dead on arrival either as a direct result of heat 
and/or humidity or that the heat and/or humidity contri-
buted to a medical infirmity that caused cardiac arrest. 
This study assumes that all patients who were iden-
tified as "in cardiac arrest" or "dead on arrival" were, 
indeed, as they were identified. 
All data records used are assumed to be accurate. 
Definition of Terms 
Cardiac arrest IS a condition in a patient in which 
the patient is determined to be pulseless as observed by 
lack of palpable pulses, absence of blood pressure, possible 
absence of respiratory effort, possible absence of electri-
cal output of heart compatible with life as determined by 
cardiac monitor and/or defibrillator paddles, possible 
dilated pupils or a combination of any or all of the above 
symptoms. 
Dead on Arrival (DOA) is the cessation of life with 
the absence of: palpable pulses, blood pressure, respIra-
tory effort, electrical output of any type as determined by 
cardiac monitor and/or defibrillator paddles, and dilated 
pupils. Rigor mortis may be present or absent. The body 
may be disfigured or discolored. The body may be obviously 
dead by its location and/or cause of death (i.e., 
5 
decapitation, skeletal remains only, decomposition, dismem-
berment, etc.). 
Acclimatization will be the gradual action of the 
human body automatically adjusting to the changes in the 
climate from season to season. 
Cardiac mortality or mortality will be used to 
describe any patient pulseless, apneic (not breathing) and 
lTI either cardiac arrest or dead. 
Trip ticket will refer to a data gathering instru-
ment filled out on each patient to identify the patient, 
record medical data and provide billing information. 
Heat will mean the air temperature--degree of heat 
contained in the surrounding air in Fahrenheit degrees. 
Hyperthermia will refer to high temperatures in the 
surrounding air. 
Humidity will mean relative humidity which IS the 
ratio of the quantity of vapor actually present to the 
greatest amount possible at the given temperature. Com-
plete saturation of the air would be designated as 100 
percent relative humidity and partial saturation would be 
indicated by smaller nurnbers. 3 
Discomfort index formula will refer to the formula 
devised to combine air temperature with the relative 
humidity. There are many such formulas with varying 
3South Carolina Advanced EMT (Paramedic) Textbook. 
No other information available. 
degrees of complexity. The reader is referred to the 
Bibliography section to Applied Climatology by Griffiths, 
page 74. 
6 
Discomfort index scale will refer to that scale in 
the ~plied Climatology reference in the Bibliography sec-
tion by Griffiths, page 74. The scale graphically depicts 
the combined values of air temperature and relative humidity 
to produce a discomfort index number, indicating a level of 
bodily discomfort produced by these combined elements. 
Mortality for the purposes of this study will 
include both DO.A's (those patients "biologically" dead, 
i.e., no pulse or respirations and declared dead with no 
attempt made at resuscitation) and cardiac arrests (those 
patients determined to be "clinically" dead meeting the 
same criteria as the above, i.e., no pulse or respirations 
but declared viable due to special circumstances such as 
short length of time without signs of life, basic life 
support in progress by bystanders, patient age and other 
considerations). Once the patient is "dead", he is included 
in the mortality category. 
Average expected daily death rate will mean the 
average number of deaths per day as determined by dividing 
the number of deaths occurring during the year by the 
number of days in the year. 
CH.APTER I I 
LITERATURE REVIEW 
Few Studies Consider Heat and Humiditv 
< 
Few studies have been done to investigate the rela-
tionship of heat and humidity to heart attack. Studies 
have been done that investigate the relationship of heat 
alone to heart attack/cardiovascular stress. Several note-
worthy studies in this area are the studies by Marmor 
(1975), Burger and Fuhrman (1964), Hew, Tucker, Bersohn and 
Sefte1 (1969) and Taggart, Parkinson and Carruthers (1972) 
as identified and quoted by Ellis and ~e1son (1978).1 
Acclimatization and Heart Attack Effects 
2 Marmor (1975) observed that fewer persons died in 
the early summer heat waves, but more people died in late 
summer heat waves. Marmor questions whether the use of alr 
conditioning in the early summer lowers the possibility of 
heatstroke, heat stress and subsequent cardiovascular 
collapse and death. The gain in the number of deaths later 
in the summer when temperatures are even hotter may, then, 
IF. P. Ellis and Frieda Nelson, "~lortality in the 
Elderly in a Heat Wave in New York City, August, 1975," 
Environmental Research, 15, 504-512, June, 1978. 
2~1. rvlarmor, "Heat Wave Mortali ty, New York Ci ty," 
Archives of Environmental Health, 30, 1975. 
8 
be caused by the lack of acclimatization due to the use of 
aIr conditioning. 
Burch and Miller (1969) refer to Shattuck (1933) for 
the statement that the "(mortality) . toll IS higher 
In more northern cities during heat waves than In cities 
of the south because of less acclimatization of the northern 
populace. ,,3 
Research Differences 
Ellis and Nelson (1978)4 state that Heyes (1955) in 
Dallas, Avierinos (1955) in Egypt, Burch and De Pasquale 
(1962) in ~ew Orleans, and Ellis (1972, 1973) for the United 
States as a whole, report an increased frequency of myo-
cardial infarction (heart attack) in the summer months in 
some heat wave years. 
r-
Rogat and Padgett (1976)~ in an extensive study that 
covered thirty-two cities, five years and forty percent of 
the population of the United States, contend that mortality 
occurred least frequently in the 60's and 70's (degrees 
Fahrenheit), in areas normally identified as cool areas. 
3George E. Burch, M.D. and Gordon C. Miller, M.D., 
"The Effects of a Warm, Humid Environment on Patients with 
Conges ti ve Heart Failure, If Southern ~ledical Journal, July, 
1969, pp. 816-821. 
4Ibid . 
5 E. R 0 got and S. J. Pad get t, ff .1\ S soc i a t ion 0 f 
Coronary and Stroke Mortality with Temperature and Snowfall 
in Selected }\reas of the Uni ted Sta tes," American Journal 
of Epidemiology, 103, 1976. 
They also found that the warmer areas studied 
(Miami, Tampa, Houston, Phoenix) had the lowest mortality 
rates between 80 0 and 89°F. and that there was no sudden 
9 
rise in mortality above this range such as there was in the 
cool weather regions of the country. 
MacPherson, Ofner and Welch (1967) had quite the 
opposite finding in their study. Contrary to Rogot and 
Padgett, MacPherson, Ofner and Welch state in their study: 
. As the temperature rises, the number of 
deaths decreases to a minimum in the temperature 
interval 70-79 0 F. and thereafter rises sharp1v .... , 
~gain so that the temperature in~erval of_80:890F6 
1S almost as unfavorable as the 1nterval jO-~90F. 
Noteworthy is the similarity in climate between the 
two areas: Miami, Tampa, Houston and Phoenix in the Rogot 
and Padgett study and New South Wales, Australia in the 
MacPherson, Ofner and Welch study_ (Similarity in climate 
was determined by temperatures listed for analysis in each 
study.) 
Cold Weather and Cardiac Mortality 
Ellis and Nelson (1978)7 cite Rogot and Blackwelder 
(1970) in Memphis and Rogat (1973, 1974) in Chicago in 
stating that cardiac mortality was higher in winter months 
than summer months for their studies. In the Memphis study, 
6 R. K. MacPherson, F. Gfner and J. A. Welch, 
"Effect of the Prevailing Air Temperature on ~Iortality," 
British Journal of Preventive Social Medicine, 21, 17-21, 
January, 1967. 
7 Ibid .. 
. the average number of deaths per day from 
arteriosclerotic heart disease from January, 1959 
to December, 1961 were highest (3.6) when the 
average temperature was below 30°F. and declined 
to a low of 2.12 when the average temperature was 
bet1veen 80 0 and gOoF. 8 " 
The Rogot study of 1967 stated that there was an 
"inverse linear relationship bet\veen deaths froln coronary 
artery disease and air temperature.,,9 
Kutschenreuter (1959) found that "mortality is 
10 
higher during cold winters and hot summers and lower during 
\varm winters and cool summers. ,,10 
Kutschenreuter, in this study, cites Gordon and 
Eckhart (1958) as referring to "the general inverse re1a-
tionship of temperature and death" in their data from a 
1957 study in New York City. He also says that the same 
general relationship has been shown in curves and data for 
particular diseases both here and abroad by other research-
ers: Jenss (1958) in Buffalo, New York and Tromp (1959) 
in the Netherlands. 
SE. Rogot and W. C. Blackwelder, "Association of 
Cardiovascular Mortality in Memphis, Tennessee with 
Weather," Public Health Report, 85, 25-39. 
gE. Rogat, "Association of Cardiovascular tvlortality 
with Weather--Chicago, 1967." In Air Conditioning, Clima-
tology and Health, American Society of Heating, Refriger-
ation and Air Conditioning Engineers Symposium, Washington, 
D.C., August 22-25, 1971. A.S.H.R.E., New York. 
lOp. H. Kutschenreuter, ".;\ Study of the Effects of 
\Vea ther on Mortali ty," New York .A.cademy of Sciences USA 
22: 126-138, 1959. 
Anatomy and Physiology and the 
Elimination of Bodily Heat 
11 
Body heat is the product of metabolism in the body. 
~ormally, this heat is passed out of the body by being 
carried in the body's blood supply to peripheral areas 
where the heat then passes through the skin into the cooler 
area outside the body.II 
Physically, heat travels from areas of high temper-
ature to areas of lower temperature. The difference 
bet1veen temperatures In t\-/o areas is known as the tempera-
ture gradient. When heat flows from a high temperature 
area to a low temperature area, this phenomenon is called 
the "flow down a temperature gradient." The greater the 
difference between the high temperature and the low temper-
ature, the faster the loss of heat. 
In the body, heat sensors in the brain control the 
body's build-up of heat by two methods. First, by "order-
ing" the small blood vessels and capillaries near the sur-
face of the body, just under the outer skin layer, to 
dilate, allowing more blood in the vessels and thus allowing 
more heat to be eliminated down the temperature gradient 
through the skin. If the outside temperature is higher 
than the temperature inside the body, or the temperatures 
are relatively close, the temperature gradient is small or 
the reverse procedure takes place: the body will actually 
11South Carolina Advanced EMT (Paramedic) Textbook. 
No other information available. 
12 
absorb the outside heat. 
As the body temperature then increases even more, 
the vessels dilate even more, taking more blood from the 
vital organs and blood vessels and forcing the heart to 
pump .faster and with more contractile force to enable the 
blood that is still available to circulate to the periphery. 
As the heart works harder and faster pumping blood into 
dilated blood vessels and capillaries, a "pooling effect" 
takes place. As blood pools away from the heart in the 
veins, there is a reduction in the amount of oxygenated 
blood in the vital organs. This type of strain on the 
heart as well as the vital organs can prove dangerous or 
even fatal. 
A second line of defense against the build-up of 
body heat is the evaporation of perspiration from the skin 
surface. Unfortunately, the elderly do not perspire 
efficiently and often not at all, thus limiting the benefit 
of this second line of defense or eliminating it 
altogether. 
Evaporation is the process of a water molecule 
absorbing enough energy to allow the molecule to break away 
17 
from other water molecules. ~ Energy ln this situation 1S 
heat .. When the molecule absorbs enough heat from the body 
(thus cooling the body), the molecule breaks away (evapor-
ation has occurred). 
12Kutschenreuter, 126-138. 
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When the humidity In the aIr IS high, perspiration 
IS not readily evaporated and the body's second line of 
defense is compromised or eliminated. Thus, an individual 
moving about at even a normal pace in high heat and high 
humidity can put a severe strain on the heart. 
Research Related to Hyperthermia 
and Humidity 
Taggart, Parkinson and Carruthers (1972) created an 
environment of high heat and high humidity In a sauna bath 
and studied the electrocardiogram tracings of thirty-five 
participants. Seventeen of these participants had appar-
ently normal hearts and eighteen participants had coronary 
heart disease as established by previous myocardial infarc-
tions. 
In addition to the expected increase in heart rate 
above 100 beats per minute (tachycardia), exposure to the 
sauna of the normal subjects resulted in many subjects 
rapidly developing changes on the electrocardiogram that 
resembled those changes that normally indicate an inade-
quate blood flow to the heart muscle itself (ischemia). 
These ischemic changes were not apparent when the same 
subjects exercised to produce a comparable tachycardia. 
This finding suggests that conditions in the sauna 
(presumably high heat and/or high humidity) cause stress 
in a normal heart to the, extent that circulation to the 
heart muscle is compromised. 
14 
In both groups of participants, ventricular ectopic 
beats, which are indicative of electrical abnormalities in 
the electromechanical function of the heart, occurred in 
one out of every four participants. 
The Taggart, Parkinson and Carruthers study takes 
on added significance when generalized to a hot, humid 
climate rather than the controlled atmosphere of a sauna 
bath. 
In reference to the ischemia related changes In the 
Taggart, Parkinson, Carruthers study, Ellis, Nelson and 
Pincus (1974) state that during the heat waves in New York 
City in July, 1972 and September, 1973, that of those 
victims who died during these heat waves who were 65 years 
of age or older, that ischemic heart disease was the most 
13 common cause of death. 
Other research indicates that physiologically, heat 
and/or humidity increase stress on the cardiovascular 
system (Koroxenidis, Shepherd and Marshall, 1961).14 
Research by Heyer, Teng and Barris (1955)15 shows that with 
1 3 F. P. E 11 is, F. N e 1 son an d L. Pin c us, ' 'r--l 0 r tal i t y 
During Heat Waves in New York City July, 1972 and August and 
September, 1973," Environmental Research, 10, 1-13, 1975. 
14Gabriel T. Koroxenidis, John T. Shepherd and 
Robert J. ivlarshall, "Cardiovascular Response to -,~cute Heat 
Stress," Journal of .A..pplied Psychology, 16: 869 -72, Septem-
ber, 1961. 
15 Howard E. Heyer, M.D., H. C. Teng, M.D. 
William Barris, Lvi.D., "The Increased Frequency of 
cardial Infarction During Summer Months in a Warm 
American Heart Journal, 49, 1955. 
and 
Acute ~lyo­
Climate n , 
15 
the profound alteration in the circulatory system brought 
on by extremely hot weather that it is obvious that body 
functions are greatly upset. Further, they state that 
patients who already have arteriosclerosis could develop 
a heart attack under these stressful conditions. 
In more general terms, Burch and Miller cite 
Shattuck (1933) and Schuman, Anderson and Oliver (1964) 
that mortality increases in hot weather for a number of 
diseases. Burch and Miller in this same study relate 
details of their own research in which patients with a 
compromised cardiovascular system (congestive heart 
failure) were exposed to environmental extremes of heat and 
humidity . Burch and Miller's conclusion was that 
. the patients with severe congestive heart 
failure were unable to tolerate a warm and humid 
atmosphere. Although their hearts attempted to 
increase the work necessary to cope with the 
stress of the heat, the cardiac insufficiency was 
too extensive to provide the additional pumping 
power. Thus, these patients were found to 
develop exacerbations in their congestive heart 
failure with further, ever-progressive impair-
ment of their state of health .... 16 
Summary 
Literature has been cited to indicate that a 
physiological danger exists ln every person when heat and 
humidity are unusually high, even in the acclimated person. 
16George E. Burch, M.D. and Gordon C. Miller, M.D., 
"The Effects of Warm, Humid Environment on Patients with 
Congestive Heart Failure," Southern Medical Journal, July, 
1969. . 
16 
As one ages, and susceptibility to cardiac problems 
increases, more than a passing notice must be given to the 
weather prediction to avoid unnecessary climate extremes 
that may place one's health in jeopardy. 
Studies reviewed on the subject have often had con-
flicting conclusions regarding the relationship of heat 
and humidity to cardiac arrests and deaths. Thus, the 
results tend to be less generalizable. Studies related 
herein do not identify an area studied that has a climate 






Primary data sources include: 
1) Records from the ~ational Weather Service files 
at the Greenville-Spartanburg Airport, Greer, South 
Carolina. These records were contained in one large volume 
with two pages of weather related statistics recorded for 
each day in the study. Temperature and humidity were the 
only statistics needed for the study. (A) The average 
(mean) temperature for each day had already been calculated. 
This number was taken directly from the form and written 
by hand on the data collection sheets. (B) Humidity 
records were not conveniently averaged. The high and low 
humidity for the twenty-four hour period on a given date 
were recorded by hand on the data collection sheets. 
2) Records from Greenville County Emergency Medi-
cal Services (EMS) files. Each form filled out by the 
emergency medical personnel for each call that was run In 
1980 was categorized into two categories: mortality and 
non-mortality calls. Each of the records for the 10,642 
calls that were run by EMS In 1980 was categorized. 
18 
Target Population 
The population studied was determined by its close 
proximity, characteristics, availability and representa-
tiveness to the area to be studied. Greenville County, 
South Carolina was not representative of localities of 
earlier research and, thus, was selected to determine heat 
and humidity effects on mortality for this type area. 
Greenville County, South Carolina is located south 
of the Blue Ridge Mountains in the Piedmont region of the 
state of South Carolina. The close proximity of the moun-
tain range to the county provides protection from harsh 
winter storms and yet the county is not far enough in the 
south of the country to closely approximate Tampa and Miami 
h " d" d 1 were prevlous stu les were one. 
Greenville County has a mild year round climate as 
witnessed by the average temperature of 59.SoP. over the 
decade of 1970-1980. 
Sample 
For the purposes of this study, the year 1980 was 
selected for study. This selection was made because 1980 
was the year during the decade that had: (1) the 5 arne 
temperature as the decade average and (2) complete records 
available. 
IE. Rogot and S. J. Padgett, "~;\ssociation of Cor-
onary and Stroke ~lortal i ty w·i th Temperature and Snowfall 
in Selected .A.reas of the Uni ted States," .A.merican Journal 
of Epidemiology, 103, 1976. 
Greenville County EMS was formed in 1975, thus, 
records were available only from 1975-1980. 
19 
The sample size, due to the 1980 parameters, was 
limited to 470 cases of cardiac arrest and dead on arrival 
patients handled by Greenville County EMS. 
Data Collection Instruments 
(A) Simple notebook paper was used for data collec-
tion at the Greenville-Spartanburg Airport. Forms utilized 
at the National Weather Service office at the airport are 
included in the appendix of this study_ 
(B) 4~ sample "trip ticket" as used by Greenville 
County EMS 1S also included in the appendix. 
As can be seen by observing the trip ticket: 
various information is required of the patient regarding 
his identity, address, place of employment and other perti-
nent personal data. This information is gathered: 1) from 
the patient (as happens occasionally, the patient has a 
cardiac arrest after supplying the information); 2) from 
family or friends of the victim; 3) from hospital emergency 
department records; or 4) from police agencies. 
Further information includes other pertinent per-
sonal history information (private M.D., drug allergies, 
medications being taken, etc.). Legal releases and agreement-
to-pay sub-forms are also a part of the overall form. 
Medically, the remainder of the fOTm is self-
explanatory. 
20 
There are two additional areas of note: one 1S the 
form left with the hospital emergency department records 
clerk to list drugs and supplies used on the call so that 
the patient or his estate may be billed for the supplies 
and drugs used (EMS re-supplies its ambulances from 
hospital stock); and a small block for the hospital evalua-
tion of resuscitative efforts. 
Of primary importance to this study are several 
noticeably small blocks adjacent to the patient's name and 
address. Underneath the blocks for the "call no." (a cross-
reference number between the dispatcher, hospital and EMS 
forms) and date are form blocks: "ou t signa 1 ", " out code r1 , 
"in sianal" and b "in code". 
The "out sicrnal" is .:;, the dispatcher's code number for 
her subjective assessment of the patient's major complaint 
as determined from questioning while taking the call. This 
symbol per se is of no importance to this study. 
The "out code" is virtually always "3". This code 
designates the call as an emergency to be responded to with 
use of red lights and siren. Greenville County EMS is an 
"all emergency" system. Therefore, all calls should be 
code three. (Exceptions do exist, but are rare. Examples 
include, but are not limited to: responding to standby 
status at the scene of a large fire, law enforcement stake-
out, assisting other agencies in need of manpower in 
rescues and other related calls of a non-acute emergency.) 
r1In code" is insignificant to this study. Code one is a 
21 
routine return to the hospita1--no lights, no siren; code 
three, of course, is with red lights and siren. 
Of prime importance is the "in signal". The emer-
gency medical personnel determine with'sophisticated train-
ing and equipment the "objective" condition of the patient 
by physical examination, treatment, tests and by medical 
conference with emergency department physicians by phone or 
two - 1.\j a v r ad i a . 
~ 
The physician then orders treatment or 
absence of treatment by these paramedic-relayed criteria. 
In some situations (i.e., cardiac arrest, dead on 
arrival) the physician is not contacted at all or is not 
contacted until predetermined and pre-set standing proto-
cols are carried out. 
When the patient 1S finally placed ln the ambulance 
for transport to the emergency department, the personnel 
moving the patient determine the appropriate code number 
for the patient's condition by his observation and treatment 
of the patient. He then gives the code via radio to the 
dispatcher who records the code fOT cross-reference. 
For the purposes of this study, only two particular 
codes are considered: Signal 9 - "dead on arrival" or 
Signal 83 - "cardiac arrest". Patients who are declared 
signal 83 at any time during time spent with them remain 
coded as signal 83, even if the patient is revived. 
Signal 9's or signal 83's that were caused by 
trauma (traffic accident, gunshot wound, stabbing, etc.), 
are not considered. This information would be noted in 
?? - ... 
the "Summary of Findings" section on the trip ticket. 
A patient may be signal 83 classified several times 
(i.e., the patient may regain a pulse and respirations, 
arrest agaIn, etc.) but vvill be class ified "Signal 83" only 
once per call 'for the purposes of this study. Of course, 
anyone classified "Signal 9" would be so classified (and 
counted) only once. A patient could be signal 83 and 
signal 9, but only on different days--signal 83 and revived 
to be hospitalized, go home and be signal 9 on another 
occasion. 
Some knowledge of the workings of this form is 
necessary to be certain that the data is transferred accuy-
ately. However, some personal bias may be included due to 
this writer's knowledge of particular paramedics' inflection 
and the existence of paramedic Jargon in the "Summary of 
Findings." 
The area to the right of the patient's name in the 
block for recording of times involved in the call: (I) time 
the caller called in; (2) time the ambulance was dispatched; 
(3) time the ambulance got enroute; (4) time arrived at the 
scene; (5) time left the scene; (6) time arrived at the 
hospital; (7) time left hospital; and (8) time back at the 
station. 
Rationale for Data Type 
This data was selected because of: (1) the simp 1 i-
city and uniformity of categorization (i.e., either signal 
83 or signal 9); (2) time element for this research; and 
(3) availability of complete records. 
Seeking approval for use of hospital records would 
have been time consuming and the non-uniformity of cate-
gorization (i.e., congestive heart failure--cardiac arrest-
irreversible, myocardial infarction with cardiac arrest, 
etc.) would have created many considerations unrelated to 
the scope of this study. 
The selected data required only a delineation 
between cardiac arrest and dead on arrival thus simplifying 
data collection. 
Data Acquisition 
As stated earlier, each trip ticket was individually 
checked to determine the possibility of "9" or "83" showing 
in the "In Signal" block of the trip ticket. If either 
number was found, the "Summary of Findings" was read to 
determine the cause--traumatic or non-traumatic. Only 
non-traumatic cardiac arrests and deaths were counted. 
In tallying statistics from trip tickets, if a bona 
fide "9" or "83" occurred and was non-traumatic in nature, 
the time was noted and a tally mark was made for that date. 
All 366 days in 1980 were completed (1980 was a leap year). 
The daily temperature average, as determined by 
the National Weather Service, was noted beside its respec-
tive date. 
The humidity, which was not averaged for each day 
by the National Weather Service, was treated as follows: 
the median daily humidity was used (mid-point between the 





Analvsis of the data included the following methods: 
1) Charts were made for each month listing temper-
ature, humidity and mortality for each day. Charts were 
studied for obvious indications of positive or negative 
association of heat and/or humidity to mortality figures. 
No obvious indications were found. 
2) Monthly averages were calculated for temperature, 
humidity and mortality. Yearly totals were also calculated. 
Comparisons of mortality totals were made between the six 
coldest months (as determined by the SIX months with the 
lowest average temperatures) and the SIX warmest months 
(those six months with the highest average temperatures). 
Totals were as follows: cold weather months (January, Feb-
ruary, March, October, November, December) showed a mor-
tality total of 249; warm weather months CApril, May, June, 
July, August, September) showed a mortality total of 221. 
The difference (6 percent of total number of mortality 
cases) was twenty-eight. 
As can be seen, contrary to studies quoted by Ellis 
and Nelson (1978), Heyes (1955), Avierinos (1955), Burch 
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and De Pasquale (1962) and Ellis (1972, 1973), the sample 
of the Greenville County EMS records for 1980 shows that 
mortality rates were higher in colder months (6 months--
183 days) than warmer months (6 rnonths--183 days). 
3) Totals were gathered on the number of mortalities 
ln ten-degree increments (i.e., 20-29 0 P., 30-39 0 F., etc.) of 
temperature. (That is, the number of days having an average 
daily temperature falling between 20 and 29 0 P., 30 and 39°F. 
etc. and having at least one mortality occurring, were 
totaled.) Average number of mortalities occurring In each 
category were noted and compared in the form used by Ragat 
and Blackwelder (1970) in their Memphis studyl (i.e., ten-
degree increments but one total only for temperatures less 
than 30 o P.). Table 1 shows a summary of the analysis. 
TABLE 1 
COMPARISON OF GREENVILLE STUDY WITH MEMPHIS STUDY 
Area 
Greenville County 1980 
Memphis* 
Average Mortalities Per Day 
Temp. Less 




80-89 0 F. 
0.94 
2.12 
*According to Rogot and Blackwelder Study (1970). 
IE. Rogot and Vi. C. Blackwelder, n}\ssociation of 
Cardiovascular iv10rtali ty in Memphis, Tennessee wi th 
~Veather," Public Health Report, 85,1970. 
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In Table 1, the Greenville County study shows a 
similarity to the Memphis study ln that both studies show 
a drop in mortality rate as the temperature increases. The 
percentage of drop is not quite the same (Greenville: 1.27 
to 0.94 = .033 difference or a 25.9% reduction; Memphis: 
3.60 to 2.12 = 1.48 difference or a 41.1% reduction) but 
the similarity rernalns. 
4) For comparative purposes, tables were set up to 
categorize mortalities into groups of respective temperature 
increments (Table 2) and humidity increments (Table 3). 
T,ABLE 2 
MORTALITIES A~D MORTALITY AVERAGES IN 
TEN - DEGREE TE!v1PER.ATURE I NCRErvlENT S * 
Index Mortalities 




































*Average temperature for 1980 in Greenville County 
\","as 60. OloP. 
TABLE 3 
MORTALITIES AND MORTALITY AVERAGES 




















































*Average humidity for 1980 in Greenville County was 
66.68%. 
A study of Table 2 shows that the 80-89 0 F. category 
lists an average daily death rate of 0.94 deaths. This 
finding would coincide with the Rogot and Padgett (1976) 
observat-ion that "warm weather" ci ties studied had fewer 
mortalities in the 80-89 0 P. range than did "cool weather" 
cities (Greenville County could reasonably be classified 
as a warm weather city along with Miami, Tampa, Phoenix and 
Houston from the Ragat and Padgett (1976) study). 
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5) Comparisons were made with the number of mortal-
ities and temperature and humidity in ten-degree and ten-
percent intervals respectively. These findings identify 
the climate at which the public was at greatest risk. 
Table 2 indicates that the temperature interval of 
60-69 0 F. was the time of greatest risk to the public. The 
death rate on days when the temperature averaged between 
60 and 69 0 P. was 26 percent higher than the average expected 
daily death rate. 
Conversely, the average daily death rate in the 
interval when the temperature averaged between 20 and 29 0 P. 
was 21 percent lower than the average expected daily death 
rate while the temperature interval of 80-89 0 P., as men-
tioned previously in reference to Rogat and Padgett (1976), 
is 27 percent lower than the average expected daily death 
rate. 
Referring to Table 3 on Humidity Increments, it can 
be seen that the table indicates that very low humidity lS 
compatible with a higher average daily death rate. Optimum 
humidity for life would be indicated in the 60-69 percent 
interval: the daily death rate falls 7 percent below the 
expected average daily death rate. 
6) Further analyses were done to determine whether 
temperature and humidity averages of one day gained (went 
up), lost or remained constant and the effects of these 
changes (or lack of change) on the average daily death 
rate. Table 4 indicates effects of these changes. 
T~~BLE 4 
~v10RT~~L IT IE S i.\ND ~10RT.i\L I TY .A \TERAGES ON 
DAYS GAINING, LOSING OR REMAI~ING 
CONSTil..NT IN TEivIPERATURE 
Temperature Number Mortalities Avg. Deaths 
Change of Days Occurring Per Dav ,-
Gain 169 211 1.25 
Loss 146 200 1.37 
Same 50 59 1.18 
Totals 365* 4-70 1.29 
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*Calculations change due to "number of days" 
changing from 366 to 365. Since no data was recorded from 
1979 or 1981, gain, loss or remained constant cannot be 
calculated from last day of 1979 or to first day of 1981. , / 
From Table 4 it can be surmised that as Oechsli and 
Buechley (1965) noted in the National Weather Service's 
? 
pamphlet Heat Wave- "increased mortality in a heat wave 
tends to follow maximum temperatures by about one day--the 
day it takes to overwork a tired circulatory system." 
Table 5 shows a graphic display of a breakdown III 
statistics on humidity changes and the average number of 
mortalities per day. As is shown, when humidity remains 
unchanged from one day to the next, the chance of dying on 
that day increases .42 over the average exnected death rate. 
This is an increase of 32.5 oercent. 
2U . S ., Superintendent of Documents, Heat Wave, 
Washington, D.C.: U.S. Government Printing Office, 1972. 
MORT~>\LITIES .L\ND MORTA~LITY _~\rERAGES ON 
DAYS GAINING, LOSING OR REMAI~ING 

























*Calcu1ations change due to "number of days" chang-
ing from 366 to 365. Since no data was recorded from 1979 
or 1980, gain, loss or remained constant cannot be calcu-
lated from last day of 1979 or to first day of 1981. 
An analysis of 1980 mortality figures was compared 
to the Discomfort Index which is a scale devised by the 
National Weather Service and is derived from a formula that 
combines heat and humidity into a single index number in 
order to relate a level of discomfort to a particular 
number on the scale. The higher the temperature and humid-
ity, the higher the index number. 
Table 6 shows a breakdown of deaths occurring in 
1980 in Greenville County beginning with 55, the lowest 
number utilized bv the National Weather Service on the Dis-, 
comfort Index Scale. 
Table 6 also shows that the higher the index number, 
the greater the number of mortalities. The lower half of 
the table when totaled shows 28 deaths and the higher 
half totals 127 deaths. This fact could lead one to con-
elude that the higher the temperature and humidity, the 
greater the rate of mortality. Certainly, for the Discom-
fort Index range this is true. The scope of the study, 
however, includes 315 deaths that fell below the range of 



























Correlations were calculated on the relationship 
between (A) the number of mortalities occurring by month 
in 1980 and temperature averages by month in 1980 and (B) 
the number of mortalities occurring by month in 1980 and 
humidity averages by month in 1980. 
A) The correlation coefficient resulting from 
temperature averages and number of mortalities showed no 
marked relationship between heat and mortality in this 
particular situation. The correlation was relatively low 
and negatively correlated at -.46. 
B) The correlation coefficient resulting from 
humidity averages and number of mortalities showed a 
negative relationship of -.66 which was accepted at the 
.OS level of significance. This statistic shows that as 
humidity rises, mortality drops in this particular study. 
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It should be noted that correlation done for (A) 
and (B) did not have the months ranked in the same position 
for both heat ahd humidity and thus a correlation could not 
be calculated between the two groups of data. 
A t-test was calculated on means of the warm weather 
months and the cold weather months and was found to be 
0.852, well below the required 2.23 for acceptance at the 
.05 level of significance. Thus, the null hypothesis is 
accepted. 
Supplementary Conclusions 
The following conclusions may be reached from data 
presented herein: 
A. HEAT 
1. The highest daily death rate occurred on the 
days having the coldest temperatures. 
2. The lowest daily death rate occurred on the 
days having the warmest temperatures. 
B. HUMIDITY 
1. The highest daily death rate occurred on the 
days having the lowest humidity. 
2. The highest daily death rate occurred when 
humidity remained constant over two or more 
days. 
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3. In the sample studied, the relationship 
between humidity and mortality was that as 
, I 
humidity rose, mortality dropped. 
c. HEAT AND HUMIDITY 
For the interval covered on the combined heat/ 
humidity Discomfort Index, the higher the index, 
the higher the mortality. 
Implications of the Study 
This study has identified many researchers whose 
studies are in conflict on the effect heat and humidity 
has on cardiac mortality. More studies must be undertaken 
in which a consistent method is used in even wider local-
ities to determine the effect heat and humidity have on 
the body. 
Science has identified risk factors to man that are 
within man's ability to control. Researchers should con-
tinue efforts to identify those elements, such as heat and 
humidity, which are beyond man's knowledge to control, but 
may be avoided when they pose a special risk. Studies 

































Month Temperature No. of 
Average Mortalities 
April 59.27 38 
May 68.48 48 
June 74.73 31 
July 81.74 32 
August 79.65 34 
September 73.9 38 ----




HIGH HUMIDITY VS. LOW HUMIDITY ~10NTlIS (IN PERCl:NT) 
High Humidity Low Humidity 
Month Average No. of Month Average 
Humidity Mortalities Humidity 
September 73.9 38 December 57.32 
June 73.13 31 Fehruary 60 . ] 0 
January 71.71 24 April 60.]7 
October 70.42 46 ~1arch 64.35 
August 69.35 34 November 64.70 
July 67.77 32 May 67.19 -----












April 2, 1982 
Hr. Patrick E. Browning 
Route 3 - 1 Meherrin Court 




Greenville County Emergency Medical Service has been pleased to cooperate ~ith 
you in the records survey to complete a study of cardiac mortality in relation 
to your research project for the Medical University of South Carolina. 
Sincerely, 
. ; - . " ---. 
J. K. Moseley, Acting Director (Formerly) 
Greenville County Emergency Medical Service 
c~untv c()urt.hCJuse, 
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